ABSTRACT. We recently demonstrated the presence of virulence-associated protein antigen (VapA)-positive Rhodococcus equi in Jeju Island, Korea. These bacteria contained one of two distinct plasmid types, a 90-kb type II plasmid, which has been found in isolates from the native Kiso horses of Japan, and a new variant, a 90-kb type V plasmid. However, the genotypic characters of the VapA-positive R. equi from Jeju native horses and their environments are poorly understood. Ninety-eight isolates from soil samples and 89 isolates from fecal samples were collected from five farms that breed or have bred Jeju native horses, and were tested for the presence of VapA by immunoblotting and PCR. Of the 98 soil isolates and 89 fecal isolates, seven and 13 were VapA-positive R. equi, respectively. In 2003, two Jeju foals died suddenly and were brought to the Faculty of Veterinary Medicine, Cheju National University, for postmortem examination. Pure cultures of R. equi were isolated from the lung lesions of both foals. Rhodococcus equi is one of the most important bacterial pathogens in one-to three-month-old foals. Infections caused by this organism are characterized by chronic, suppurative bronchopneumonia, which is often accompanied by ulcerative enteritis and mesenteric lymphadenitis [1, 6, 9] . Since the first isolation of Rhodococcus equi from the lung abscesses of Swedish foals by Magnusson in 1923 [4], the disease has been described in many areas of the world [1, 6] . The discovery of virulence-associated antigens and virulence plasmids has clarified some aspects of the virulence of R. equi [14, 18] . Virulent R. equi, which are characterized by a virulence-associated 15-17-kDa protein antigen (VapA) and a virulence plasmid of 85-90 kb, have been isolated from the lesions of infected foals and the disease has been reproduced experimentally [22, 23] . However, avirulent R. equi, which have no virulence-associated antigens or plasmids and do not cause disease in foals, are distributed widely in horses and their environments [10, 23] . Epidemiological studies have revealed that horse-breeding farms with endemic infections are heavily contaminated with virulent R. equi [9, 17] .
Rhodococcus equi is one of the most important bacterial pathogens in one-to three-month-old foals. Infections caused by this organism are characterized by chronic, suppurative bronchopneumonia, which is often accompanied by ulcerative enteritis and mesenteric lymphadenitis [1, 6, 9] . Since the first isolation of Rhodococcus equi from the lung abscesses of Swedish foals by Magnusson in 1923 [4] , the disease has been described in many areas of the world [1, 6] . The discovery of virulence-associated antigens and virulence plasmids has clarified some aspects of the virulence of R. equi [14, 18] . Virulent R. equi, which are characterized by a virulence-associated 15-17-kDa protein antigen (VapA) and a virulence plasmid of 85-90 kb, have been isolated from the lesions of infected foals and the disease has been reproduced experimentally [22, 23] . However, avirulent R. equi, which have no virulence-associated antigens or plasmids and do not cause disease in foals, are distributed widely in horses and their environments [10, 23] . Epidemiological studies have revealed that horse-breeding farms with endemic infections are heavily contaminated with virulent R. equi [9, 17] .
The restriction-enzyme digestion patterns of virulent virulence plasmids from foals have allowed the plasmids of virulent isolates to be categorized into 12 closely related types and have revealed geographic differences in the distributions of these virulence plasmids, not only throughout the world, but also within Japan [7, 11, 15, 16, 19, 20, 22] . In a recent study, we isolated virulent R. equi containing the 90-kb type II plasmid that has been found in isolates from the native Kiso horses of Japan, from fecal and environmental samples of the native Jeju horse and thoroughbred horse farms on Jeju Island, Korea, and a new variant, the 90-kb type V plasmid [20] . However, only one virulent R. equi was isolated from soil samples collected from a Jeju native horse farm [20] .
The purposes of this study were to investigate the prevalence of virulent R. equi in Jeju native horses and their environments, to determine the genetic diversity of virulent isolates by pulsed-field gel electrophoresis (PFGE), and to compare the PFGE patterns of virulent R. equi containing the 90-kb type II plasmid isolated from Jeju and Kiso native horses.
MATERIALS AND METHODS
Bacterial strains: Three isolates that contain the 90-kb type II plasmid, collected from Kiso native horses, and strain ATCC 33701, were used in this study [16, 18] .
Collection and isolation of R. equi from feces, soil, and infected foals: Twelve fecal samples and 12 soil samples were collected from five farms (farms A to E) on Jeju Island, Korea, as shown in Table 1 . The fecal samples were collected from the ground immediately after defecation. A small spoon was used to scrape each soil sample from the surface of the ground and each sample was poured into a sterile tube. In the laboratory at the Department of Veterinary Medicine, Cheju National University, 1 g of the feces or soil was diluted serially with 10-fold volumes of sterile saline. Each dilution was inoculated onto two plates of nalidixic acid-novobiocin-actidione (cycloheximide)-potassium tellurite (NANAT) medium, as previously described by Woolcock et al. [24] . The plates were incubated at 30°C for two or three days. The R. equi colonies were counted, and the numbers of viable organisms per gram of soil were calculated.
In 2003, two Jeju native foals in farms F and G died suddenly and were brought to the Faculty of Veterinary Medicine, Cheju National University, for postmortem examination. Samples from the lungs were cultured on blood agar plates. Suspected colonies of R. equi were subcultured for further examination.
Immunoblotting: For colony blot enzyme-linked immunosorbent assay with MAb 10G5, bacterial strains were injected onto brain heart infusion agar plates with an inoculation needle and incubated at 38°C for 24 hr. A sheet of nitrocellulose filter (pore size; 0.45 mm, BAS 85; Schleicher & Schuell, Dassel, Germany) was then placed on the cultures for a few minutes to wet them completely. The membrane was removed, air-dried and treated by autoclaving at 105°C for 1 min. All buffers, antibodies and conjugate dilutions were the same as those described previously for the immunoblot analysis [14, 16] .
PCR: Suspected colonies of R. equi were subcultured and examined for vapA and vapB genes by PCR. The target DNAs for polymerase chain reaction (PCR) amplification were the published sequences of the 15-17-kDa antigen (VapA) gene and a 20-kDa antigen (VapB) gene (GenBank database accession numbers D21236l and D44469, respectively) from R. equi strains ATCC 33701 and 33705, respectively [8, 21] . Primer 1 (5'-GACTCTTCACAAGACGGT-3') corresponds to the sense strand at positions 6-23, and primer 2 (5'-TAGGCGTTGTGCCAGCTA-3') corresponds to the antisense strand at positions 569-552 in the sequence of the 15-17-kDa antigen gene [8] . Primer 3 (5'-AACG-TAGTCGCGGTGAGAA-3') corresponds to the sense strand at positions 240-258, and prime r 4 (5'-ACCGAGACTTGAGCGACTA-3') corresponds to the antisense strand at positions 1066-1048 in the sequence of the cloned fragment containing the 20-kDa antigen gene [21] . PCR amplification was performed according to previous reports [13, 21] .
Analysis of plasmid DNA: Plasmid DNA was isolated from R. equi using the alkaline lysis method [2] , with some modifications, as described previously [22] . For detailed comparisons and estimation of plasmid sizes, plasmid DNAs were analyzed by digestion with restriction endonucleases BamHI, EcoRI, EcoT22I, and HindIII. Samples of the plasmid preparations were separated on 0.7% or 1.0% agarose gels at approximately 5 V/cm for 2 hr.
Analysis of chromosomal DNA restriction patterns by PFGE: PFGE was performed as described previously [12] . The isolates of R. equi were transferred to BHI broth and incubated at 30°C in a shaking incubator for 36 hr. Bacterial cells were washed and resuspended in SE buffer (25 mM EDTA, 75 mM NaCl [pH 7.5]). Agarose plugs were made from a 1:1 mixture of 2% low-melting-point agarose and the cell suspensions. The plugs were lysed in resuspension 
Genotyping virulent R. equi from Jeju and Kiso native horses:
To investigate the genetic diversity of VapA-positive R. equi isolates containing the 90-kb type II and type V plasmids in Jeju and Kiso native horses, PFGE patterns of the VapA-positive isolates were compared (Table 2) . Sixteen Jeju isolates containing the 90-kb type II plasmid displayed two similar PFGE patterns (type A1, 15 isolates; type A2, one isolate) and the three Kiso isolates containing the 90-kb type II plasmid showed a single PFGE pattern (type B) ( Fig. 1 and Table 2 ). Eighteen Jeju isolates containing the 90-kb type V plasmid were also examined by PFGE, and formed two groups (type C, 16 isolates; type D, two isolates); their PFGE patterns were not similar to the patterns of the isolates containing the 90-kb type II plasmid.
DISCUSSION
The present study clearly confirms our previous findings that Jeju native horses have been exposed to virulent R. equi containing either the 90-kb type II or the type V plasmid. Outbreaks of the infection on Jeju Island were identified by isolating virulent R. equi from the lung lesions of two infected foals. In our previous study, the majority of virulent isolates were collected from the feces of thoroughbred horses, and only one isolate was from a Jeju native horse [20] . Therefore, in this study, we focused on collecting fecal and soil samples from Jeju native horses. However, on Cheju Island, the number of Jeju native horses is decreasing and only a few horses are bred on each farm. Furthermore, it is becoming difficult to find farms that breed only Jeju native horses. This is the reason that the numbers of fecal and soil samples from each farm were so low in this study. Although farm A has been closed for more than a year, virulent R. equi were still present in the soil.
The Jeju native horse is known to have existed for about 700 years or more on the island, since Mongolians governed Jeju and introduced their horses to the island [3] . There are eight native horse breeds in Japan: Hokkaido, Kiso, Noma, Misaki, Tokara, Taishu, Miyako, and Yonaguni, and these horses are also considered to have originated predominantly from the Mongolian horses spread via the Korean peninsula and Jeju Island [5] . We propose the hypothesis that virulent R. equi, with their various types of virulence plasmids, were transmitted to Japan by native horses descended from the Mongolian horses of the Asiatic grasslands. The presence of a 90-kb type II plasmid in Korean and Japanese isolates also partially supports this hypothesis of a common origin and ancestry of the native horses of northeast Asia [20] . In the present study, we compared the PFGE patterns of virulent R. equi containing the 90-kb type II plasmid, isolated from Jeju and Kiso native horses. These isolates were shown to exhibit two distinct major patterns. This implies that the 16 isolates from the Jeju horses are monoclonal and different from those of the Kiso native horses from Japan. A new variant, the 90-kb type V plasmid, was found in the clinical isolates from the two infected Jeju foals. Two plasmid types were found in the clinical isolates from foal no. 2, suggesting that this foal had been bred in a farm contaminated with two virulent R. equi types.
In conclusion, virulent R. equi is widespread in the environments of the Jeju native horses, but there is little diversity in the PFGE patterns of virulent isolates. The PFGE pattern of virulent R. equi isolates from Jeju native horses that contain the 90-kb type II plasmid was not identical to those of isolates from Kiso native horses. Further studies in the Korean peninsula are required to determine the route and transmission of virulence plasmids from Korea to Japan.
